This paper is a report on the calorimetric determination of the heat of combustion of isobutane, which investigation is part of the program of work being carried on by the thermochemical laboratory of the National Bureau of Standards on the accurate measurement of the h~ats of chemical reactions that are important to industry an d SCIence.
An accurate value for the heat of combustion of iosbutane will provide a reliable heating value for this gas when used as a fuel; will permit evaluation of its heat of formation to be used in thermodynamic calculations on the reactions of cracking, dehydrogenation, etc., in which isobutane may take part; when combined with the similar data on normal butane, will yield a reliable value for the energy of isomerism of the two butanes; when combined with appropriateotherdata, will yield values of the bond energies in the molecule; 357 [Vol. 15 and, when combined with values of the entropy, will yield a reliable value for the free energy of formation.
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There is extant in the literature only one report on the heat of combustion of isobutane, that published by Thomsen [1] 1 in 1886. The samples of isobutane that Thomsen had available were very impure, one sample having the empirical formula C4H9•75 instead of C4H10• Because it is today possible to prepare isobutane of very high purity, and because the accuracy of present-day calorimetric measurements is considerably greater than was possible half a century ago, it was very desirable that a new determination of this thermochemical constant be made.
II. UNITS OF ENERGY, MOLECULAR WEIGHTS, ETC.
The unit of energy employed in this work, as in all previous publications from this laboratory, is the international joule, based upon standards of emf and resistance maintained at this Bureau. In order to report the results in calories, as well as in the fundamental unit of electrical energy, values in international joules are converted to a conventional defmed calorie by means of the selected factor 1/4 .1833. This is the same factor used in the previous conversions [2] .
As in the previous work on the hydrocarbons, the thermal data obtained are independent of the atomic weight of carbon, 1 mole of isobutane being taken as equivalent to 5(18.0156) g of water formed in the combustion [2] .
III. METHOD, APPARATUS, AND PROCEDURE
The same calorimetric method, apparatus, and procedure were employed in these experiments as were used for the experiments on normal butane. . The sample of isobutane was obtained from the same source, prepared in the same manner, and tested for purity by the methods used on normal butane [2] .
The data shown in table 1, obtained by Martin Shepherd, indicate the nature of the possible impurities. The amount of any impurity in mole fraction of the entire sample, is of the order of 1/10 the value of flXB • Six experiments on the determination of the ratio of carbon to hydrogen in the isobutane gave the following results: Average amount of isobutane used per experiment, 0.025 mole; average value of the ratio IOC/4H, 1.00008; average deviation from the mean. ±0.00008; maximum deviation from the mean, 0.00014. In obtaining the foregoing ratio, the masses of carbon dioxide and water were converted to moles by the use of the values 44.007 and 18.0156, respectively, for the molecular weights 2 [2, 3] .
From the manner of preparation of this sample of isobutane, and from the results of the foregoing tests, it appears that the purity of the isobutane was such that, per mole of water formed, its heat of combustion would differ from that of an absolutely pure sample by less than 0.01 percent. (See p. 739-740 of reference [2] .) The purity of the combustion reaction in the experiments on isobutane was examined as in the case of normal butane. 0 carbon monoxide was detected in the products of combustion.
The procedure for determining the amount of reaction in each calorimetric combustion experiment was exactly the same as in the experiments on normal butane, the amount of reaction being determined from the mass of water formed in the combustion. One mole (18 _01 56 g) of H 20 was taken as equivalent to 1/5 mole of C4H 1o-
The experiments made to determine the electrical-energy equivalent of the calorimeter system used for the combustion of isobutanc are the same as those for normal butane, and the data are given in table 5 of reference [2] . The correction for" spark" energy was also the same as in the experiments on normal butane.
The calorimetric data of the combustion experiments with isobutane are given in table 2. The" error" of the mean value of the combustion experiments, computed as ±2-J"'l:.!l2/n (n-1), is ± O.013 percent. Mean _______________ -----.
-----------------------------------.--------------
2,871.06 ±.39
IV. RESULTS OF THE PRESENT INVESTIGATION
The uncertainty in the final value obtained from the present data has been computed by taking the total percentage" errol''' as equal to ± ~e12+e22+e32, where el is the percentage "error" of the mean value of the calorimetric experiments with electrical energy, e2 that of the calorimetric combustion experiments, and e3 is an "error" of 0.01 percent assumed in the determination of the amount of reaction, due to impurities and other causes.
The data of the present investigation yield for the heat evolved in the combustion of gaseous isobutane in oxygen to form gaseous carbon dioxide and liquid water, at 25° C and a constant pressure of 1 atmosphere, the value 2871.06 ± 0.53 international kilojoules per mole.
v. DATA OF PREVIOUS INVESTIGATIONS
The only previously reported determination of the heat of combustion of isobutane is that of Thomsen [1] , made over 50 years ago. Thomsen performed three experiments on isobutane in his flame calorimeter at constant pressure and at an average temperature of about 18.5° C. The first two experiments were made with a sample of isobutane having the empirical formula C4Hg•748, and the third with a sample having the formula C4H9.s99. Thomsen assumed that the impurity was butene, C4H s, and made a correction to his observed data to obtain a value for "pure" isobutane. He reported a value which, when converted to 25° C and the modern unit of energy, 'yields 685.6 kilocalories per mole. However, the writer has recomputed Thomsen's original calorimetric data, assigning a reasonable uncertainty and making correction for the impurity, unit of energy, etc., and obtains therefrom the value 686.2 ± 1.6 kilocalories per mole for the heat of combustion of isobutane at 25° C and a constant pressure of 1 atmosphere. While this indicates extraordinarily good agreement with the value from the present investigation, the accord must be somewhat fortuitous, since Thomsen's data on methane, ethane, and propane yield values not in accord, within the reasonable limits of error assigned to his work, with the values recently reported from this laboratory.
VI. CONCLUSION
The present data yield for the reaction, iso-C4H1o (gas)+l; 02 (gas) = 4 CO2 (gas) + 5 H 20 (liquid), at 25° C and a constant pressure of 1 atmosphere, t.H=-2,871.06 ± 0.53 international kilojoules per mole, or, using the factor 1/4.1833, t.H=-686.31 ± 0.13 kilocalories per mole.
Utilizing the values for the heats of formation of carbon dioxide and of water given in an earlier paper [3] , the following values are obtained for the heat of formation of isobutane at 25° C: 4 C (c, (3 graphite)+5 H2 (gas) =iso-C4H10 (gas), LlH0298.1 = -32.20 ± 0.43 kilocalories pel' mole; 4 C (c, diamond) +5 H2 (gas)=iso-C4H 10 (gas), LlH0298 .1 = -33.08 ± 0.43 kilocalories per mole.
Combination of the pre3ent value for the heat of combustion of isobutane with that previously reported for normal butane will yield a reliable value for the difference in the energies of formation of the two isomers. With no significant impurity in the reaction (see page 358), the reliability of the relatively small difference in the two values of the heats of combustion will be determined by the precision of the two values rather than by the absolute accuracy. The precision uncertainties of the calorimetric combustion experiments are, respectively, ± 0.018 and ± 0.013 percent, or ± 0.52 and ± 0.37 kilojoule per mole, for normal butane and isobutane. T aking the uncertainty in the difference in the two heats of combustion as the square root of the sum of the squares of the foregoing quantities, one obtains for the following reaction, at 25° C and 1 atmosphere, n-C4H 10 (gas)=iso-C4H 10 (gas), There is extant in the literature no value with which this can be compared. 3 This new value for the heat of combustion of isobutane has also been utilized in conjunction with the previously reported data [2, 3] on methane, ethane, and propane, to deduce a fairly reliable value for the heat of combustion and of formation of tetramethylmethane (neopentane) [8] .
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